Abstract
Introduction
The topic of brownfields used to be related to urban and city lands, but due to political and economic changes in Eastern Europe brownfields resulted not only from industry but also from activities characteristic of rural sites (agriculture, closeddown facilities providing rural services -consumer cooperatives, provincial houses of culture, etc.). The period of political-economic transformation brought many changes into the agricultural sector of Eastern Europe. The transition to a market economy had to involve radical reconfiguration of land resources in the former socialist countries: changes in property rights (Lerman, 2004; Bartůšková, Homolka, 2009) , as well as changes in land use patterns (Baumann, 2011; Bičík et al., 2001; Müller, 2009) . The property rights changed and various land allocation and privatization strategies affected agricultural performance in the transition years (Lerman, 2004) . Cropland abandonment became a widespread change in land use patterns in the postsocialist era in Eastern Europe and European Russia (Bičík et al., 2001; Ioffe et al., 2004; Prishchepov et al., 2012) . Various regional studies reported and in some cases quantified the major drivers of agricultural land abandonment (Baumann, 2011; Müller, 2009; Prishchepov et al., 2013) . Statistical models showed that ecological conditions (soil type, elevation) and socio-economic characteristics (rural population change, industrialization and mechanization rate, urbanization rate, unemployment) can explain the spatial heterogeneity of farmland abandonment. The relative influence and relations of these variables in post-socialist farmland abandonment may regionally differ and generalization across countries is scarcely possible (Bauman et al., 2011; Müller, 2009) . Benayas et al. (2007) reviewed the main problems and opportunities related to agricultural land abandonment. In the consequences of radical reconfiguration of land resources in the former socialist countries, some agricultural facilities lost their function (Svobodová, Věžník, 2009 ).
Specific statistical data to quantify the number of abandoned farm buildings, however, are lacking across Europe. The decrease of agricultural enterprises is demonstrated to be a widespread structural change in European agriculture (Verhoeve et al., 2012; Jaarsma, de Vries, 2013) . Jaarsma and de Vries (2013) used the decrease in the number of farm enterprises 1990-2007 (dairy farming in six EU countries) as a rough estimate of the number of abandoned farm buildings. The inheritance of the objects of large-scale socialist agriculture surpasses the experience of western countries that have extensive and long-standing practice in brownfields redevelopment. Whereas abandoned farm buildings are a consequence of the enlarging scale of agriculture in Western Europe (Jaarsma, de Vries, 2013), the transformational shift from collective to individual agriculture was attended by general downsizing of corporate farms in Eastern Europe (Leerman, 2004) . Large farm sizes and collective organization of production sharply distinguished socialist agriculture from the agriculture in market economies, and this common heritage of agricultural production suggested a fairly uniform conceptual framework for agricultural reform in all transition countries (the former socialist countries in Europe and Central Asia) (Leerman, 2004) . The framework determined the specific conditions for the abandonment of agricultural buildings and their future evolution. The processes of transformation from collective to individual agriculture in Eastern Europe occurred against the backdrop of macro-scale driving forces of global trade liberalization, joining agrarian policies such as the European Common Agricultural Policy (Doucha, Foltýn, 2008; van Meijl, 2006) and of new understandings of the countryside and its functions (Noe et al., 2008) .
The topic of brownfields in urban areas is widely discussed in many countries; however, the topic of agricultural brownfields is at the edge of research interest. The problem of agricultural brownfields is neglected for many reasons: the marginal interest of developers (Hudečková, 1995) or problematic projects contrary to the needs and interests of municipalities; a scanty attention by research teams (city planners, geographers, economists); peripheral location; and commonly small-scale area size and low environmental loads (as compared with industrial or military brownfields). However, they can represent a serious problem for rural regions, considering the size and developing potential of the involved sites. Agricultural brownfields are usually located near a settled area and open landscape interface and in some cases in the open. Agricultural buildings belong to the dominating features of settlements and rural landscape; this is why the situation of agricultural estates can markedly affect the urban and landscape character (Mackovič, 2003) . Their progressive deterioration eventually leads to their complete state of disrepair (Garcia and Ayuga, 2007) , and the idled and desolated agricultural objects become a negative element in the rural landscape disturbing the landscape pattern as well as the architectural character of villages.
Spatial planning for rural brownfields in Europe is geared to questions of preserving the cultural heritage of traditional agricultural buildings (Garcia and Ayuga, 2007; Taasia) , to diversification potential and acceptability of non-agrarian functionalities in the countryside (Verhoeve et al., 2012) , or to land protection potential of rural brownfields revitalization (Garcia, Ayuga, 2007) . The issue of the duality between traditional and modern agricultural buildings (duality between architectural and aesthetic quality and economic aspects), observed across Europe (Fuentes et al., 2010; Ruda, 1998; Tassinari et al., 2010) , is greatly manifested in the former socialist countries (especially in terms of material, shape and technology unification of building collective farms with poor landscape consistency).
The topic of brownfields is usually linked with ecological risks and brownfields become a synonym for environmental load. Environmental hazards are widely discussed in the topic of industrial brownfields because the nature of the environmental load is significantly determined by the mode of former industrial production (Page, Berger, 2006) , and economic impacts of the ecological burdens of urban brownfields are well documented (Howland, 2004; Schoenbaum, 2002) . Agricultural brownfields can pose serious environmental hazards in some cases. The risks can follow from former area utilization: storage of potentially hazardous material (preparations for plant protection, pesticides, fertilizers, petroleum and oil products storage); spillage of liquids from agricultural machines; unsuitable agricultural waste treatment; or from activities following the object abandonment -illegal dumps, hazardous waste storage. The ecological burdens of obsolete pesticide storage sites have been documented from various localities (Dvorská et al., 2012) .
Material and methods
The problem of brownfields was tackled based on various potential information sources. A general insight into agricultural brownfields in the Czech Republic was gained from the Research Study for Localization of Brownfields in the Territory of the Czech Republic (2007) conducted by Czechinvest (Investment and Business Development Agency of the Czech Republic). However, the Czechinvest study targeted all brownfield types (except for mining areas) and only brownfields more than 1 ha in size were studied. Agricultural brownfields are often small areas or idle parts of larger areas. This indicates that other potential information sources should be used to complement the issue of agricultural brownfields. The Czechinvest (2007) study was used to analyze the regional structure of brownfields on various regional scales -meso-regional, micro-regional and local. For the micro-regional analysis, brownfield data were used for small districts 1 from three administrative regions (Ústí, Vysočina and Pardubice).
The local study of agricultural brownfields was based on the identification of brownfields using orthophotomaps and the LPIS (Land Parcel Identification System). The local study was made in three districts of model regions. We investigated the evolution of agricultural facilities from the chronological sequence of orthophotomaps (available for 2003, 2006, 2011 at: www.mapy.cz) and using the database of agricultural facilities from LPIS (agricultural buildings not included in the LPIS database, whose evolution was indicated as brownfields succession, were marked as potential brownfields -see Fig. 1 ). Supplementary information sources were used for the identification of potential agricultural brownfields -especially the Contaminated Sites Database System ("Systém evidence kontaminovaných míst" (in Czech) -available at: www.sekm.cz) covering the potentially contaminated sites and the "Database of extinct villages" (available at: www.zanikleobce. cz) with valuable information targeting, among other things, historical farm yards and granges. The Czechinvest (2007) agricultural brownfield localities were revised for their actual condition in three case studies of districts using the LPIS database and the chronological sequence of orthophotomaps. Revitalised former brownfields were analyzed to elucidate common driving forces of the revitalization process. The methodology of using various remote sensing data was used for the identification of non-registered agricultural brownfields to supplement the existing information sources.
Results and discussion
The Research Study for Localization of Brownfields conducted by Czechinvest revealed some 2,355 brownfield localities in the Czech Republic (2007). The total area of identified brownfields is 10,362 ha. However, the total number of brownfields is estimated to be between 8,500 and 11,700, and an estimated total area of these localities is 27,000-38,000 ha. Although the emergence of brownfields was first put into the public eye with the restructuring of the industrial sector, the Czechinvest study (2007) showed that the most
Fig. 1: Visualisation of methodology framework for the identification of potential agricultural brownfields using various information sources
frequently occurring type is represented by brownfields that came into existence after the transformation of the agricultural sector (34.9%), whereas their area proportion is half (17.8%). This indicates that the agricultural brownfield sites are very frequent but cover a small area (compared to industry or military brownfields in Fig. 1 ). According to Czechinvest (2007) , about one half of the brownfields (48.6%) are located in municipalities with up to 2,000 inhabitants (simplified definition of rural area) in the Czech Republic.
Regional differentiation aspects of agricultural brownfields in the Czech Republic
The socioeconomic transformation period after 1989 brought many changes into the agricultural sector in the Czech Republic. The transformation impacts were regionally conditioned as well (Věžník and Bartošová 2004; Bičík and Jančák 2005) . Proportions of regional brownfields follow the structural characteristics of the region and the impacts of transformation processes. The regional scrutiny of the brownfields (Fig. 2) shows that the Olomouc and Zlín Regions have the highest proportional share of agricultural brownfields, exceeding 50%. The Plzeň, Pardubice and Vysočina Regions have about a half share. In typically industrial regions (Karlovy Vary, Liberec and Moravian-Silesian), the agricultural brownfields are rare.
The micro-regional and local differentiation of agricultural brownfields is depicted in Figs. 3-5. The micro-regional study based on small districts data from the Czechinvest study (2007) indicates a high geographical variation of agricultural brownfields. The geographical variation can follow geographical conditions for agriculture (see Fig. 3 for the Ústí Region) with a distinct differentiation of small districts between mountainous and coal field areas, and small districts along the boundary with the Region of Central Bohemia with suitable conditions for agriculture and traditional agricultural production (hops, cereals). The regional differentiation of agricultural brownfields in the Pardubice Region follows the differences between urban and rural parts of the region. The lowest share of agricultural brownfields was in districts with traditional manufacturing industries (Hlinsko, Vysoké Mýto, Lanškroun) and in small mountain districts (Králíky, Žamberk). A higher share of agricultural brownfields was in districts with favourable conditions for agriculture and outside urban areas -Přelouč, Holice, Polička (see Fig. 4 ).
The regional structure of agricultural brownfields in the Vysočina Region (Fig. 5 ) is more complicated; however, extremes in the share of agricultural brownfields were found in small districts, where the ratio was deformed by low data availability -Humpolec (only two brownfields), Náměšť nad Oslavou (three brownfields) and Světlá nad Sázavou (two). A higher proportion of agricultural brownfields was in districts with favourable conditions for agriculture (Moravské Budějovice, Třebíč, Velké Meziřičí) and in the traditional agricultural district of Pelhřimov with the production of potatoes. However, the strategy for the reclamation of agricultural brownfields is primarily embedded in the programmes of rural development. Regional Operational programmes can better reflect the composition of regional brownfields and hence urgency Spatial location seems to be a significant factor for the redevelopment potential and possibilities. Possibilities of revitalization and interests of municipalities can significantly differ in different geographical locations.
Revitalization of agricultural brownfields
The revitalization of brownfields brings about additional costs according to the economic and political imbalance between brownfields and greenfields projects, the additional costs covering environmental loads and structural matters. The favourable localization of urban brownfields can partially compensate for any additional costs thanks to the advantage of their typically prominent position (Bardos et al., 2001 ), contrary to rural brownfields that are usually situated in marginal locations away from developing trends (commercial, production, residential). It is important that the issue of disadvantaged (i.e. commercially, spatially, environmentally) brownfields is incorporated into the priorities of local, regional and national strategies. Optional re-use of agricultural brownfields is affected by the current condition of the site -in the positive (use of existing infrastructure) as well as in the negative sense (incidence of ecological load, technical conditions of buildings). According to the Czechinvest study (2007) , a change of use in the future is typical of agricultural brownfields; only a very small part of the originally agricultural brownfields is repeatedly used for agricultural purposes. Farm buildings are usually unsuitable for agricultural use given the process of modernization or specialization in agriculture (Birkkjaer, Pedersen, 1996) . Verhoeve et al. (2012) and van der Vaart (2005) discussed the processes of diversification in the rural economy
Fig. 5: Micro-regional and local differentiation of agricultural brownfields in the Vysočina Region
with re-use of rural buildings by non-agricultural entrepreneurs in the BENELUX region. The most common new use were residences or non-agrarian use by the service sector (trade or commercial companies, landscapers, transport companies) or woodworking companies. This re-use is changing not only the rural economy but also social structures and spatial and environmental quality (Verhoeve et al., 2012) . Mackovič (2003) describes some of possible reasons for changes in the future use of the original farm buildings in the Czech Republic. According to him, the reasons include: imbalance in the supply of agricultural objects over actual demand, the vague position of agriculture in the society, general forces of the spatial diversification of residential and agricultural functions of settlements, territorially-technical limitation of the re-utilisation and modernization of agricultural facilities within built-up areas, problematic returns on investments in agriculture or complicated proprietary rights. Jaarsma and de Vries (2013) explore consequences of the abandonment of farm buildings and their new economic use for traffic on minor rural roads, emphasizing the necessity of spatial planning for rural shrinkage processes.
The existing capacities (including under-used buildings and localities) in rural areas contribute to a significant potential for the diversification of activities in the Czech countryside (Hron, 2007) . The countryside is becoming a multi-functional space with new functions connected with non-agrarian functions and especially agro-tourism (Sharpley and Vass, 2006) . Agricultural brownfields situated in favourable localities (production areas, growth zones, suburbs) can be used for industrial, residential or public service functions and their geographical position is a crucial factor for their re-use potential. Agricultural utilization of brownfields can lead to conventional agriculture (livestock and plant production) or to alternative agriculture (organic agriculture, agrotourism). Unemployed farms can be used for other functions including modern technologies (composting plant, biogas station) or in the sector of renewable energy production (solar parks) (Adelaja et al., 2010) . However, the acceptability of non-agrarian functionalities in rural areas and their effect on future spatial planning in rural space is currently a moot issue (Verhoeve et al., 2012; Jaarsma, de Vries, 2013) .
The Czechinvest (2007) localities in the three small districts in our case studies were revised for their actual state and the revitalized former brownfields were analyzed to show the development of agricultural brownfields recorded by Czechinvest (localities are marked with red triangle in the maps). Characteristics of the sites are depicted in Tab. 1. The trends of a shift in future utilization were confirmed in the study. The residential and service economy sectors are the main re-use strategies; however, some other future uses were observed -a small photovoltaic power station (Opatov) or a public gallery (Těchobuz). Successfully revitalized former agri-brownfields are usually located in builtup areas, more often brownfields with buildings from the period before the socialist collectivization. Settled proprietary rights (non-fragmented ownership, clear ownership rights) were the common feature of revitalized localities.
Institutional framework for using agricultural brownfields
In the Czech Republic, the support for brownfields redevelopment is implemented on the basis of two operational programme types -sector operational programmes (SOPs) and regional operational programmes (ROPs). SOPs deal with the issue of brownfields from the aspect of responsible authority priorities (business supporting, environmental risks, rural development), and ROPs reflect regional specifics and needs (NUTS II regions). The sector operational programmes available for agricultural brownfields redevelopment support are listed in Tab. 2.
Future use is a crucial determinant of funding possibilities for brownfield revitalization from public funds. Basic programme synergies are defined in the National Strategic Reference Framework of the Czech Republic 2007-2013. SOP Enterprise and innovation covers the projects of re-using brownfields for the purposes of production and business; SOP Rural development covers brownfields intended for agricultural re-use. ROPs are intended to serve primarily as subsidiary complements to SOPs, especially in activities the support of which is more effective at a regional level.
Questions of jurisdiction concerning the use of modern renewable energy resources are addressed through agreements concluded by central authorities. The SOP Rural Development supports biomass treatment as an extension of agricultural production. 
Conclusion
Soil is regarded as a renewable natural resource and further soil appropriation is inconsistent with the principles of sustainable development. Revitalization of brownfields is considered an active implementation of soil protection. Abandonment of agricultural farms is a widespread European issue; however, the transformation shift from collective to individual agriculture in the former socialist countries in Europe determined specific conditions for the abandonment of agricultural buildings and their future evolution. The duality between the traditional agricultural building of architectural and aesthetic quality and agricultural objects from the period of large-scale socialist agricultural production, is seen conspicuously in the former socialist countries. Similar trends of rural economy diversification with the re-use of rural buildings for non-agricultural activities described from Western Europe were recorded also in the Czech model regions. However, successfully revitalized former agribrownfields are usually located in built-up areas, brownfields are more often revitalized with buildings from the period before the socialist collectivization and in localities with settled proprietary rights. A solution remains to be found for idle agricultural objects from the period of large-scale socialist agricultural production. It is important to incorporate the issue of disadvantaged (i.e. commercially, spatially, environmentally) brownfields in the priorities of local, regional and national strategies for the regeneration of brownfields and spatial planning in rural areas.
One half of brownfields (48.6%) is located in municipalities with up to 2,000 inhabitants (simplified definition of countryside) in the Czech Republic. Thus, rural brownfields are considered as vacant capacities that can be utilized for the diversification of activities in Czech rural areas. Agricultural brownfields are the most frequently occurring brownfields in the Czech Republic (35%) and especially in some regions (Olomouc and Zlín Regions). However, their area share (18%) indicates their spatial position in the landscape -the agricultural brownfield sites are very abundant but cover only small areas. The regional differentiation of agricultural brownfields is increasing with geographic scale and is conditioned by factors much similar to the processes of cropland abandonment in the postsocialist countries of Eastern Europe, particularly by natural conditions for agriculture (soil productivity, relief) and by socioeconomic factors (urbanisation rate, a region's economic structure).
A crucial step in the revitalization of brownfields is their stable identification and inventory. The inventory of brownfields entails a range of methodological difficulties, including the deficient legislative framework and the lack of central holistic approach. Although the valuable Czechinvest database (2007) registered 2,355 brownfield localities, the estimated number of brownfield sites ranges between 8,500 and 11,700. Thus, other potential information sources should be used to supplement the record of brownfields. Potential information sources and potential methodological tools for the identification of agricultural brownfields are suggested in this study. The institutional framework is presented for the utilization of brownfields of agricultural origin. Funding programmes for the revitalization of agri-brownfields are available in the Czech Republic. Future utilization is a crucial determinant of the funding possibilities for the revitalization of brownfields from public funds. The strategy for the reclamation of agricultural brownfields is primarily embedded in the Rural Development SOP, however the Regional Operational programmes can better reflect the composition of regional brownfields and hence urgency of redevelopment and priorities of regions. The re-use of former agricultural buildings is changing not only the rural economy, but also the social structure and spatial and environmental quality (Verhoeve et al., 2012) , and this is why the consequences of the emergence of agricultural brownfields are a relevant research topic as well as one of practical importance.
